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PRACTICAL INFORMATION ON THE MEASUREMENT 
OF IRRIGATION WATER 
By 
O. W. ISRAELSEN 
INTRODUOTION 
The economical use of water in irrigation depends primarily 
on water measurement. That significant advantages, public and 
private, attend the measurement of water delivered to individual 
irrigators has long been recognized in older irrigated countries. 
The rapidly increasing utilization of Utah's available water sup-
ply, the consequent increase in its value, and the tendency on the 
newer canal systems to base the annual irrigation charges on the 
amount of water used make an understanding of the methods of 
water measurement an absolute necessity. Furthermor e, many 
irrigators now realize that the vast stor e of information concern-
ing the relations of water, soils, and plants that has been ac-
cumulated in year s past cannot be utilized in practice without t he 
measurement of water. 
As aO r esult of the growing appreciation of the value of water 
measurement, there is frequent inquiry as to materials and 
methods used in measuring water under different conditions. To 
facilitate the answering of such inquiries, and otherwise to spread 
information concerning water measurement, this circular is 
prepared. '" 
U NITS OF WATE R MEASUREMENT 
The units of water measurement naturally fall into two 
classes: first, those expressing a specific volume of water at rest, 
and second, those expressing a rate of flow. 
Water at Rest.-The commonly-used units of volume of water 
at rest are the gallon,. the cubic foot, the acre-inch, and the acre-
foot. 
Flowing Water.-The commonly-used units of rate of flow are 
gallons per minute, miner's inches, cubic feet per second, and 
acre-inches per hour. 
OONVENIENT RELATIONS 
Some convenient relations between the units of flow above 
given follow: 
First: One cubic foot per second (c. f. s.) or (sec.-ft.) = 450 
*No attempt is ma de to present an exhaustive discussion of the sub-
ject. The material is simply a compilation from State and Government 
publications on water measurement. An attempt is made to meet the 
needs of practical irrigators and canal company officers and hence techni-
cal language is avoided where possible. 
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gal. per min. (g. p. m.) (approximately) because there are nearly 
7.5 gal. in one cu. ft. and 60 sec. in one min. and therefore 
7.5x60=450 g. p. m. 
Second: One cubic foot per second (c. f. s.)=one acre-inch per 
hour, (approximately). Since there are 60x60==3600 sec. in 1 hr., 
one c. f. s. will give 3600 cu. ft. in 1 hr. and there are 1/12 of 
43560 cu. ft.==3630 cu. ft. in one acre-inch. One c. f. s. there-
fore, =one acre-inch per hour, (approximately). * . 
Third: One cubic foot per second (c.f.s.)=50 Utah miner's 
inches. 
Use of Convenient Relations.-Examples of how to use the 
above relations are given below: 
(1) An irrigator is entitled to 3 c.f.s. to irrigate a 10-acre 
alfalfa tract. How long will it take him to apply 5 acre-inches 
per acre? Note that the quantity of flow, the area to be irrigated, 
and the average depth of water to be applied are given. The 
necessary time is to be found . . 
To do this proceed as follows: 3 c.f.s.= 3 acre-inches per 
hour. The total number of acre-inches needed is 50, that is, 5 on 
each of 10 acres. Since ea;ch hour brings 3, the time necessary 
is 50-+-3=16-2/3 hrs. Ans . 
. (2) Smith has a pump which discharges 900 g.p.m. If he 
spends 30 hrs. in irrigating a 10-acre orchard, what average 
depth in inches does he apply? 
Note that the quantity of flow, the time run, and the area of 
land covered are given, and that the depth of water applied may 
be found as follows: 900 g.p.m.=2 c.f.s.=2 acre-inches per hour. 
Therefore, in 30 hrs., 60 ac.-in. will be supplied, and this amount 
spread uniformly over 10 acres will cover it to a depth of 6 inches. 
Ans. 
WEffiS HAVING END OONTRACTIONSt 
Descriptions of the rectangular, the trapezoidal§, and the ~)O­
degree triangular notch weirs, with "complete contractions", free 
fall, and sharp crests are accompanied by tables for each weir. 
The quantity of water passing over either weir can be determined 
by use of the proper table. The depth of water flowing over the 
• It will be noted that saying that 1 c.f.s. is equal to 450 g.p.m. is true 
within % of 1 per cent. and that 1 c.f.s.=l acre-inch per hour is true 
within 5/6 of 1 per cent, both of which are amply accurate for practical 
purposes. 
t A weir having end contractions is one in which the length of the 
weir crest is so much less than the width of the water channel that the 
water fllaments are completely deflected in flowing from the sides of the 
channel past the sides of the weir. 
§This weir is also called the Cipolletti weir after the engineer who 
\ designed it. 
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weir must be determined and if the rectangular or trapezoidal 
weir is used the length of weir crest must be known. For ex-
ample, if the length of trapezoidal weir crest is 2 feet, that is the 
bottom width of the notch, and the head or depth of water over 
the weir crest is 1/2 foot or 6 inches, the discharge will be 2.37 
cubic feet per second as found in the fifth column of TavIe IV 
/-
Fig. l,- Pla n of weir box. 
opposite 0.50 in the first column. . For the same conditions in a 
rectangular weir the discharge as found in Table III would be 
2.26 second-feet. The following definitions taken from Farmers' 
Bulletin 813, U. S. Department of Agriculture, by V. M. Cone will 
make clear the above and other terms used in connection with 
weirs. 
Definitions.-"A bulkhead or wall built across a ditch or 
stream, with an opening cut in the top of the wall through which 
the water is allowed to pass, is called a 'weir' and the opening is 
called the 'weir notch.' The bottom portion of the ditch imme-
diately upstream from the bulkhead is the 'weir box' or 'weir 
pond.' The height of the water surface in the weir pond above 
the weir crest is the 'head.' When the water flows over the crest 
into the air before it strikes the surface of the water in the ditch 
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downstream from the bulkhead, it is said to have 'free fall,' and 
. when this overpouring stream of water touches only the sharp 
upstream edge of the crest, the weir is said to be 'sharp crested.' 
The · weir notch must have a definite shape and size. The hori-
zontal distance from the end of the weir crest to the side of the 
weir box is called 'end contraction,' and the vertical distance from 
the crest to the floor of the weir box is called 'bottom contrac-
tion.' When these contraction distances are great enough to 
cause a pondlike condition, which permits the water to approach 
the weir notch without any appreciable velocity, the weir is said 
to have 'complete contractions.' " 
Advantages and Disadvantages of Weirs.-The advantages of 
weirs for water measurement are: (1) accuracy, (2) simplicity 
and ease of construction, (3) non-obstruction of moss or floating 
material, and (4) durability. . 
The disadvantages are: (1) the requirement of considerable 
fall of the water surface, or loss in head, which makes their use 
in sections having level land impractical, and (2) the collecting 
of sand and silt above the weir which prevents accuracy of 
measurement. 
Weir Box and Pond.-In the use of either of the weirs above 
described, the ditch or canal must be made wider and deeper than 
the average section of 
the canal for some dis-
tance upstream from the 
weir. This is to nlake 
the water approach the 
weir very slowly by flow-
ing through a relatively 
large channel. The en-
larged section of the 
ditch should be gradual-
ly tapered to the natural 
size about 40 to 50 feet 
above the weir. Cross 
currents just upstream 
from the weir must be 
prevented. 
Fig. 2.- Weir notch and bulkhead in The weir may be 
weir pond. 
placed in a weir box built 
of lumber or concrete, as shown in Fig. 1, or it may simply be 
placed in an enlargement of the ditch. 
Less room is required when a box is used but cleaning is made 
more difficult. For temporary use the placing of a weir in the 
open ditch as in Fig. 2 is the more economical method. 
Cleaning is also less expensive in the open ditch as a scraper 
MEASUREMENT OF IRRIGATION WATER 7 
may be used. The ditch downstream must be protected with 
loose rock or other material to prevent washing by the falling 
water. 
Table I, taken from Farmers' Bul. 813 by V. M. Cone, Irriga-
tion Engineer ~or the U. S. Department of Agriculture, gives the 
sizes of weirs best adapted to measuring streams of water varying 
from 1/2 to 22 cubic feet per second, and also the proper dimen-
sions for each size of rectangular, trapezoidal and 90-degree tri-
angular notch weirs. 
Table 1.-Weir-box dimensions for rectangular, Cipolletti, and 
90-degree triangular notch weirs. 
(All dimensions are in feet. The letters at the heads of the col-
umns in this table refer to Fig. 1.) 
RECTANGULAR AND TRAPEZOIDAL 'VEIRS WITH 
END CONTRACTIONS 
I H I L I A K I B I E* I C 
% to 3 11.0 
2 to 5 1.1 
4 to 8 1.2 
6 to 14 [1.3 
10 to 22 1.5 
1h to 2lh 11. 00 1 
2 to 4 1/311.25 
1 6 
1lh 7 
2 8 
3 9 
4 10 
2 
3 
4 
5 
6 
5 lh 
7 
8lh 
12 
14 
3lh 214 
4 2* 
4lh 314 
5 4lh 
5lh 5 
90-Degree triangular notch weir. 
6 1 -2-1-5- 1-3-'- 2lh I 6lh 8lh 6lh 314 1 314 
D I Ft 
2 
2lh 
2* 
314 
3lh 
1lh I 1lh 
4 
4lh 
5 
5lh 
6 
4 
5 
2 
2 
2% 
3 
3 
2 
2lh 
The weir dimensions in Table I, illustrated in Fig. 1, as given 
by Cone are a little smaller than what would be necessary to 
obtain rigid accuracy, but boxes of these sizes will give results 
within 1 per cent of the correct values. Cone outlines the condf-
tions necessary for weir crests and sides as given below. * 
Weir Crests and Sides.-"Weir crests and sides should be 
true, straight, and rigid. The crest must be level, the sides must 
be set to the proper angle with the' crest, and carefully spaced to 
*This distance allows for about 1h foot freeboard above highest water 
level in weir box. 
tEquals distance from crest upstream to gage. 
§Equals distance from end of crest over to gage. 
*Cone, V. M. "Construction and Use of Farm Weirs", F:armers' Bul-
letin 813, U. S. Department of Agriculture, p. 9. 
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give the correct length of crest, as indicated by 'L' in Fig. 1 and 
Table I. The 90-degree tringular notch has no length of crest 
because the sides meet at a point. 
"It is not necessary that the sides and crest be sharpened to 
a knife edge, but the edge of the crest on the upstream side must 
be sharp in the sense that it is not rounded. If a depth of water 
not less than 3 inches is to be run over the weir, the crest thick-
ness on the edge may be as great as one-fourth inch without the 
water adhering to the crest, provided the inner edge is sharp. 
However, if the crest is beveled, this bevel must be placed on the 
downstream side, for the upstream face of the crest and of the 
bulkhead which holds the crest must be even and in a vertical 
position . . The downstream face of the opening in the bulkhead 
must be beveled outward and downward about 45 degrees to in-
sure free passage of air under the sheet of water as it flows over 
the weir. 
"Instead of cutting the notch in the bulkhead to just the size 
desired and leaving this rather rough edge to serve as the crest 
and sides ·of the weir notch, it is better to make the opening in 
the bulkhead at least one inch deeper and two inches wider than 
the desired size of weir opening. This will permit attachment of 
crest and side strips to the bulkhead so as to project about an 
ANCbE IRON CRE.ST 
Fig. 3.- Angle iron crest in rectangular 
weir. 
inch all around, making 
more perfect edges, and 
the overpouring sheet of 
water will not touch the 
bulkhead." 
On permanent instal-
lations it is desirable to 
make the crests of metal 
heavy enough to avoid 
warping. On small weirs 
the crest may be cut out 
of a single sheet but on 
I a r g e ones separate 
strips are necessary. An-
gle iron is now frequent-
ly used, one face of 
which is bolted into the bulkhead opening in such position that 
the other face is flush with the upstream face of the bulkhead, as 
illustrated in Fig. 3. 
For temporary wooden weirs, the wood of which the weir is 
constructed may well form also the weir crest and sides. Since 
wood warps easily and the sharp edges become worn and splint-
ered, its use for crests and sides is seldom desirable. 
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Measurement of Head or Depth on Weir Crest.-The measure-
ment of the head or depth of water on the weir crest is ob-
tained with a specially constructed scale or 'a carpenter's 
rule. The special scale, called the weir gage, must be set up-
stream above the bulkhead a distance no less than four times 
the depth of the water "H" flowing over the crest. This is 
made necessary by the downward curvature of the water sur-
face near the crest. A scale marked off into feet, tenths, and 
hundredths of a foot on hard wood is satisfactory. The zero 
point on the scale must be set level with the crest of the rect-
angular or trapezoidal weir, ' or with the vertex of the triangu-
lar weir. If an open weir pond of sufficient width is used the 
scale, or a lug upon which to place a rule, may be fastened to 
the bulkhead at a lateral distance from the end of the notch 
of not less than twice the greatest depth of water "H" over 
the crest. To get the zero point of the scale or the lug level 
with the .crest, a carpenter's level and straight edge or a sur-
veyor's level must be used. Allowing the water to flow into the 
pond and slowly rise till it flows over the weir crest is inaccur-
ate since the 'water surface will rise appreciably above the 
crest before flow over the crest begins. Small errors in read-
ing "H" cause relatively large errors in the discharge determ':' 
ination. To show the error in measurement caused by an error 
in reading of only 0.01 foot, or less than 1/8 inch, Table II, after 
Cone, is presented below. 
Table ll.-Percentage of error in discharge caused by 0.01 foot 
error in reading the head. 
Head 
Feet I Feet Inches 
0.20 I 0 2-% .30 0 3-% 
.50 0 6 
.70 0 8-% 
.90 0 10 13/16 
1.10 1 1 13/16 
1.25 1 3 
1.50 1 6 
, 1 Length of weir crest I 90 0 
I Notch 
Iper cent/per centlPer cent\per cent/per centlPer cent 1 foot 1.5 feet l 2 feet 3 feet 4 feet I 
7.2 7.5 7.5 7.6 7.6 
5.0 5.1 5.1 5.6 4'.8 8.5 
3.5 3.2 3.0 2.9 2.9 5.0 
2.1 1.9 2.1 2.2 2.2 3.9 
1.8 1.8 1.8 1.7 1.7 2.9 
.--. 1.4 1.3 1.3 1.3 2.2 
... _--
... --. .. -..... 1.1 1.1 2.1 
-_ .... 
... _--
----
0.9 1.0 
----
Rectangular Weir.-The, rectangular weir, named from the 
shape of its notch, is the oldest weir in use. Its simplicity of 
form, ease of construction, and accuracy make it a desirable de-
vice for measuring water. 
Because of the vertical ends and the complete end contrac-
10 CIRCULAR NO. 36 
tions, the middle part of the weir discharges slightly more water 
than the same length of weir near 
either end, whereas the trapezoidal weir 
with sloping ends is commonly believed 
to discharge the same amount of water 
near either end as it does in the mid-
dle. However, extensive experiments 
Fig. 4.--Rectangular weir recently conducted by the United States 
with end contractions. 
Department of Agriculture, indicate 
that four times the discharge over a I-foot trapezoidal weir 
is greater than the discharge, under the same "head", over a 
4-foot trapezoidal weir. * Upon the basis of the experiments 
cited,t weir discharges have been computed from a corrected 
formula and these are presented for crest lengths of 1, 1.5, 2, 3, 
and 4 feet in Table III, the use of which is explafned on pages 
4 and 5. 
Tabl,e III.-Discharge tables for rectangular weirs.§ 
Head Discharge in cubic feet per second 
in Head in for crests of various lengths 
Feet Inches 1 foot I 1.5 feet I 2 feet I 3 feet I 4 feet 
0.20 I 2% 0.291 0.439 0.588 0.887 I 
1.19 
.21 
I 
2% .312 .472 .632 .954 1.28 
.22 2% .335 .505 .677 1.02 1.37 
.23 2%, .358 .539 .723 1.09 1.46 
.24 2% .380 .574 .769 1.16 1.55 
.25 3 .404 .609 .817 1.23 1.65 
.26 3% .428 .646 .865 1.31 1.75 
.27 314 .452 .682 .914 1.38 1.85 
.28 3% . .477 .720 .965 1.46 1.95 
.29 3% .502 .758 1.02 1.53 
I 
2.05 
.30 3% .527 .796 1.07 1.61 2.16 
.31 3%, .553 .836 1.12 1.69 2.26 
.32 3 13/16 .580 .876 1.18 1.77 2.37 
.33 3 15/16 .606 .916 1.23 1.86 2.48 
.34 4 1/16 .634 .957 1.28 1.94 2.60 
.35 4 3/16 .661 .999 1.34 2.02 2.71 
.36 4 5/16 .688 1.04 1.40 2.11 2.82 
.37 4 7/16 .717 1.08 1.45 
I 
2.20 2.94 
.38 4 9/16 .745 1.13 1.51 2.28 3.06 
.39 4 11/16 .774 . 1.17 1.57 2.37 3.18 
*u is concluded by Mr. Cone, in immediate charge of the work cited 
above, that the discharge is not strictly proportional to the length over 
either of the weirs under consideration, but that it is most nearly so with 
the trapezoidal weir. Further experiments show that to make a weir, the 
discharge of which would be strictly proportional to the length, would 
require the construction of curved sides approaching the vertical with 
increase in distance above the crest. 
tFor a technical report on the experimental data see Journal of Agri-
cultural Research, Vol. V., No. 23, March 6, 1916. 
0.566 l1.8 
§Computed from the formula Q=3·247 lH1.48 - H1.9. 
1+2 l1.8 
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Table III.-{Continued}-Discha1·ue tables for rectangular weirs. 
Head Discharge in cubic feet per second 
in Head in for crests of va rious lengths 
Feet Inches 1 foot I 1.5 feet I 2 feet I 3 f eet I 4 feet 
.40 4 13/16 
-
.804 1.21 1.63 2.46 3.30 
.41 4 15 / 16 .833 1.26 1.69 2.55 3.42 
.42 5 1/16 .863 1.30 1.75 2.65 3.54 
.43 5 3 / 16 .893 1.35 1.81 2.74 3.67 
.44 5 14 .924 1.40 1.88 2.83 3.80 
.45 5% .955 1.44 1.94 2.93 3.93 
.46 5 1h .986 1.49 2.00 3.03 4.05 
.47 5% 1.02 1.54 2.07 3.12 4.18 
.48 5%, 1.05 1.59 2.13 3.22 4.32 
.49 5% 1.08 1.64 2.20 3.32 4.45 
.50 6 1.11 1.68 2 .26 3.42 4.58 
.51 6% 1.15 1.73 2.33 3.52 4.72 
.52 6 14 1.18 1. 78 2.40 3.62 4.86 
.53 6% 1.21 1.84 2.46 3.73 4 .99 
.54 6 1h 1.25 1.89 2.53 3.83 5.13 
.55 6% 1.28 1.94 2.60 3.94 5 .27 
.56 6%, 1.31 1.99 2~67 4.04 5.42 
.57 6 13/16 1.35 2.04 2.74 4.15 I 
5.56 
.58 6 15 / 16 1.38 2.09 2.81 4.26 5.70 
.5 9 7 1/16 1.4.2 2.15 2 .88 4.36 I 
5 .'85 
.60 7 3/16 1.45 2.20 2 .96 4.47 6.00 
.61 7 5 / 16 1.49 2 .25 3.03 4.59 I 6.14 
.62 7 7/16 1.52 2. 31 3.10 4.69 I 
6.29 
.63 7 9/16 1.56 2 .3 6 3.17 4.81 6.44 
.64 7 11/16 1.60 2.42 3.25 4.92 I 6.59 
.65 7 13/16 1.63 2.47· 3.32 5.03 6.75 
.66 7 15/1 6 1.67 2. 53 3.40 5.15 6.90 
.67 8 1 /1 6 1.71 2.59 I 
3.47 5.26 7.05 
.68 8 3/16 1.74 2. 64 3.56 5.38 7.21 
.69 814 1.78 2.70 3.63 5.49 I 7.36 
.70 8% 1.82 2.76 3 .71 5.61 
I 
7.52 
.71 8lh 1.86 2.81 . 3.78 5.73 7.6 8 
.72 8% 1.90 2.87 3.86 5 .85 7 .84 
.73 8 % 1.93 2.93 3.9 4 5.9 7 
I 
8.0 0 
.74 8% 1.97 2.9 9 4.02 6.0 9 8.1 7 , 
. 75 9 2 .01 3.0 5 4.10 6.21 8.33 
.7 6 9 1k 2.05 3.11 4.1 8 6.33 I 8.49 
.77 9 14 2 .0 9 3.17 4.26 6.45 8.66 
.7 8 9 % 2.1 3 3.23 4 .3 4 6.58 8.82 
.7 9 9 lh 2 .1 7 3.29 4.4 2 6. 70 8.99 
.80 9 % 2.21 3.35 4.51 6:83 9.1 6 
.81 9 % 2.25 3.41 4 .59 6.95 9.3 3 
.82 9 13 / 1 6 2 .29 3.4 7 4.67 7.08 9 .50 
.83 9 15/16 2.33 3.5 4 4.75 7 .21 9.67 
.84 1 0 1/16 2.37 3.6 0 4 .84 7 .33 9. 84 
.8 5 10 3 / 16 2.4 1 3.66 4 .92 7.46 10.01 
.86 10 5 / 1 6 2.46 3.72 5.01 7 .5 9 10.1 9 
.87 1 0 7 /1 6 2 .5 0 3. 79 5.10 7.72 10.36 
.88 10 9 / 16 2.5 4 3 .85 5.18 7.85 10.54 
.89 10 11 /16 2.58 3.92 5 .2 7 7.9 9 10.71 
.90 10 13/16 2.62 3.98 5.35 8.12 10.89 
.91 10 15 / 16 2 .67 4.05 5.44 8.25 11.07 
.92 
I 
11 1/16 2.71 4.11 5.53 8.38 11.25 
.93 1 1 3/16 2.75 4.18 5.62 8.52 11.43 
.94 1114 2.7 9 4 .24 5.71 8.65 11.61 
, 
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Table III.-(Concluded)--Discharge tables for rectangular weirs-
H ead 
in H ead in 
F eet Inches 
.95 11 % 
.96 11 1h 
.97 11% 
.98 11%, 
.99 11% 
1.00 12 
1.01 12 % 
1.0 2 1 2 1,4 
1.0 3 
I 
1 2 % 
1.04 12% 
1.05 12 % 
1.0 6 12 %, I 1.07 12 13 / 16 
1.08 12 15/16 
1.09 13 1/16 
1.10 13 3/1 6 
1.11 13 5 / 16 
1.12 13 7/16 
1.13 13 9/ 16 
1.14 13 11/16 
1.15 13 13/16 
1.16 13 15/16 
1.17 14 1/16 
1.18 14 3/16 
1.19 1414 
1 .20 14 % 
1.21 14% 
1.22 14 . % 
1.23 14%, 
1.24 14% 
1.25 15 
1.26 15 % 
1.27 15 14 
1.28 15% 
1.29 15% 
1.30 15% 
1.31 153h, 
1.32 15 13/16 
1.33 15 15/16 
1.34 16 1/16 
1.35 16 3/16 
1.36 16 5/16 
1.37 16 7/16 
1.38 16 9/16 
1.39 16 11/16 
1.40 16 13/16 
1.41 16 15/16 
1.42 17 1/16 
1.43 17 3/16 
1.44 171,4 
1..5 17% 
1.46 17% 
1.47 17% 
1.48 17%, 
1.49 17% 
1.60 18 
Disch a r ge in cubic feet per second 
for ch ests of variou s lengths 
1 foot I 1.5 feet I 2 feet I 3 feet I 4 feet 
2 .84 4.3 1 5. 80 8.79 11.79 
2.88 4 .37 5.89 8.93 11.9 8 
2 .93 4.4 4 5.9 8 9.06 1 2.16 
2 .97 4.5 1 6.07 9.20 12.34 
3.01 4.57 6. 1 5 9.34 1 2.53 
3.0 6 4.64 6.25 9.48 1 2.72 
... -_ .. .. __ .. __ .. .. --- 4 .71 6.3 4 9. 62 12 .91 
----------- --_ .... 
4.7 8 6.43 9. 76 13.10 
----_ ...... --------
4.85 6.52 9.9 0 1 3.2 8 
--------------- -
4 .92 6 .62 10 .0 4 1 3 .47 
.. .. .. _-- -- --_ .. -_ .... 
4. 98 6.71 10.1 8 1 3.6 6 
--- --_ .... ---_ .... --
5 .05 6.80 10 .32 1 3.85 
... .... ---- .. -...... .. ---
5.1 2 6.90 10 .4 6 14 .04 
... ...... -- ------_ .. .. -
5.20 6.99 10 .61 14.24 
.. -_ .. ...... __ .. .. .. .... -- 5.26 7. 09 10.7 5 14.4 3 
... -----_ .. --------
5.3 4 7.19 10 .90 14.64 
---_ .... _--_ .. .. .... .... 5 .41 7 .28 11.04 14 .83 
.. .. .. ... ---_ .... .. _-- -- 5.4 & 7 .38 11.19 15.03 
.. ----_ .. .. ------- -
5.55 7 .4 7 11. 34 15 .22 
.. .. .. _--- _ .. ---- ---
5.62 7. 57 11.48 15.42 
... -- -------------
5 .69 7.66 11.64 15.62 
-_ ... .. -------- ----
5 .7 7 7 .76 11.79 15.82 
... ---- --_ ...... _ ..... --- 5. 84 7.86 11.94 16.02 
-------_ .. -- --_ .. -
5 .91 7 .96 12.09 16.23 
-- ---_ ... .. ------_ .. 
5.98 8.06 12.24 16.43 
.. --_ .. ---_ .. _-----
6.06 8.16 12.39 16.63 
..... ---_ .. .. .. -- -----
6.13 8.26 12.54 16.83 
.. ..... -_ ... -.. ------_ ... 
6.20 8.35 12.69 17.03 
... --_ ... -------_ .. _-
6.28 8.46 12.85 17.25 
..... .... .. -- -_ ...... ----
6.35 8.56 12.99 17.45 
--- --_ .. _--- -----
6.43 8.66 13 .14 I 17.65 
.... ---_ .... --- _ .. ...... ---_ .. .. .. -- --_ ... ---
... .. _---- --_ ... _-_ ..... 13.30 17.87 
... ----- -- --_ .. --_ .. 
... ---------------
---_ .. ------_ .. _--
13.45 18.07 
.. --- ------------
---_ .. _- ---------
.... --_ .. .. .. -.. _-_ .. -- 13.61 18 .28 
----------------
... -.. _ .. .. ------_ .. _- .. -- _ .. _--_ .. _-_ .. ... -
13:77 18.50 
_ .. .. -.. -_ .. _ .. _ ..... ...... .. ... _-......... .. .. .. .. ........ .. .. ... .. _ ... --- ------_ .. 
13.93 18.71 
... -.. _ .. .. _-_ .. __ ... ---
-_ .... .. ---------_ .. 
... -..... _- _ ... .. _- -- --- 14.09 18 .92 
.. _--_ .. _- --_ .. _--- _ .. --------_ ...... -- -------_ .. -- _ .... _-
14 .24 19 .12 
.... _ .. _---_ .. _-- --- .. -_ .. _ .. _------_ .... 
.. _--_ .. .... _-_ .. --.... 14.40 19.34 
.. .. .. _ .. ------ -----
---_ ...... _- ---_ .. _-
_ .. __ .... -.. _ .. .. .. -.. _ .. 14.56 19.55 
.. _-----_ .... __ .. .. _-
.. .. .. _ .. .... .. .. _ .. _ .. .. .. - .. .. .. .. .. __ .. -- ------ 1 4.72 19.77 
_ .... -------------
---_ .. ------_ .... -- ~~~~ ~ ~~~~ ~ ~ ~~~j 14 .88 19.98 ---_ .. __ .. __ .. _-_ ..- _ .... -- -----_ .... -- - 15 .04 20.20 
---------_ .. _-- _ .. .... _--- ---- -- -- --
15.20 20.42 
-----_ .. .. --_ ... --_ . 
.. _-_ .. _ .... -_ .. _ .. _--
---- ----_ ... .. -- ---
15.36 20.64 
-----------_ .. __ .. 
_ .. ...... ...... ---_ .... --- --------_ .. ----_ ... 
15.53 20.86 
... _-----_ .. _---_ .. -
_ ... _--_ .. _--- ---- - -----------_ .. ---
15.69 21.08 
----_ .. __ ...... ... ... _-_. -_ ... ---_ .. --_ .. .... -- -----------_ .... --
15.85 21.29 
--_ ... .. _ ..... -_ ... _ .. .. .. -
... ---- .. ---- ------
--_ .. _----- ------
16.02 21.52 
----_ ... -.. _--_ ... _ ... -
.. _ .. .. -.. _ .. --_ ... __ .. -
_ .... _-- ---_._ .. --- 16.19 21.74 
.-_ .. -.. _ . ....... __ ..... .. --_ . .. -.. -.. . -... -.. . _ .. _-- ---_._--_ .. 16.34 21.96 
-_ ... _ .. .. -_ .. --_ .. .. _ .. -.----_. __ ..... .. .. . .. _ .... .. .. _ .. _----
16.51 22.18 
... ... __ .. ... -_ ..... .. .. __ .... 
_ .. -... _- -... ---_ .. .. --
_ .. .. _-- -_ .. __ .. _--- 16.68 22.41 
-_ ..... -----... -_ ....... -
... -.. __ ... .......... ... ..... - -_ ..... -.. _ ... . _----_ ... 16.85 22.64 
........ -_ .... ---
.......... _-_ ....... --_ . ... -... _---_ . .. .. ..... -... - 17.01 ~2.85 
................... _ ......... _ ..................... _ . .... _--_ ..... _-- ---_ ... 17.17 23.08 
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Trap.ezoidal or Cipolletti Weirs.-The trapezoidal weir, called 
also the Cipolletti weir after the Italian engineer who designed 
it, is equally accurate but more difficult to construct than the 
18" rectangular weir. As indicated in Fig. 
- ...;il"'=-l"-- 5, its sides are made on a slope of one 
inch horizontal to four inches vertical. 
The conditions of installation out-
lined above apply to this weir. Dis- ' 
charges computed from a formula cor-
Fig. 5.- Trapezoidal or rected on the basis of experiments Cipolletti weir. 
above described are presented in Table 
IV, the use of which is explained on pages 4 and 5. 
Table IV.-D1:scharge tables for Cipolletti Weirs. * 
Head 
in H ead in 
Discharge in cubic feet per s econd 
for cr ests of various lengths 
Feet Inches. 
1 foot I 1.5 feet I 2 feet I 3 feet I 4 feet 
.. 
0.20 2% 0.30 0.45 I 0.60 0.90 1.20 
.21 2% .3 2 .48 I 
. 64 .97 1.29 
.22 2 % .3 5 .52 .69 1.04 1.38 
.23 2%, .37 .55 .74 1.11 1.47 
.24 2% .39 .5 9 .79 1.18 1.57 
.25 3 .42 .63 .84 1.25 1.67 
.26 3 1fs .45 .67 .89 1.33 1.77 
.27 3 1,4 .47 .70 .. 94 1.40 1.87 
.28 3% I 
.50 .74 .99 1.48 1.97 
.29 3 % .53 .79 1.04 1.56 2.08 
.30 3% I .56 .83 1.10 1.64 2.19 
.31 3%, .59 .87 1.15 1.73 2.3 0 
.32 3 13/16 .61 .91 1.21 1.80 2.41 
.33 3 15 / 16 .64 .9 5 1.27 1. 8 9 2.52 
.34 4 1/16 .67 1.00 1. 3 2 1.98 2.64 
.35 4 3 / 16 .70 1.04 1.38 2 .07 2.75 
.36 4 5 / 16 .73 1.09 1.44 2 .1 6 2.87 
.37 4 7/16 .77 1.13 1.50 2 .25 2.99 
.38 4 9/16 .80 1.18 1.57 2 .3 4 3.11 
.39 4 11/16 .83 1.2.3 1.63 2.43 3.24 
.40 4 1 3/16 .87 1.2 8 1.69 2 .5 3 3.36 
.41 4 1 5/16 .90 1.32 1. 76 2.62 3.49 
.42 5 1/ 16 .93 1.37 1.82 2.72 3.61 
.43 5. /16 .97 I 1.42 1.89 2.81 3 .74 
.44 5 1,4 1.00 1.47 1.95 2.91 3.8 7 
.45 5% 1.04 1.53 2.02 3.01 4.01 
.46 5 1h 1.07 1.58 2 .09 3.11 4.14 
.47 5 % 1.11 1.6 3 2 .16 3.21 4.28 
.48 5 %, 1.15 1.68 2.23 3.32 4.41 
.49 5% 1.18 1.74 2.30 3.42 4 .55 
.50 6 1.22 1.79 2.37 3.53 4.69 
.51 6 1h 1.26 1.85 2.44 3.64 4.83 
.52 I 61,4 1.30 1.90 2.51 3.74 4.97 .53 6 % 1.34 I 1.96 2.59 3.85 5.12 .54 6% 1.38 2 .02 2.66 3.96 5.26 
*Comput ed 0.566 l1.8 
from the formula Q= 3.247 lH1.48 - H1.9+0.609 H2.6 
1+2 l1.8 
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Table IV.-(Continued)-Discharge tables for Cipolletti Weirs. 
H ead Discharge in cubic feet per second 
in Head in for crests of various lengths 
Feet Inches 1 foot I 1.5 feet I 2 feet I 3 feet I 4 feet 
.55 I 6% 1.42 2.07 2.74 4.07 5.41 
.56 6%, 1.46 2.13 2.81 4.18 5.56 
.57 6 13/16 1.50 2.19 2.89 4.30 5.71 
.58 6 15 / 16 1.54 2 .25 2 .97 4.41 5.86 
. . 59 7 1/16 1.58 2.31 3.05 4.53 6.01 
.60 7 3 / 16 1.62 2.37 3.13 4.64 6.17 
.61 7 5/16 1.67 2.43 3.20 4.76 6.32 
.62 7 7/16 1. 71 2.49 3.28 4.88 6.47 
.63 7 9{16 1.75 2.55 3.37 5.00 6.63 
.64 7 1 /16 1.80 2.62 3.45 5.12 6.79 
.65 7 13/16 1.84 2.68 3.53 5.24 6.95 
.66 7 15/16 1.89 2.75 3.61 5.36 7.11 
.67 8 1/16 1.93 2.81 3.70 5.48 7.28 
.68 8 3/16 1.98 2.87 3.79 5.61 7.44 
.69 . 814 2.02 2.94 3.87 5.73 7.61 
.70 8% 2.07 3.01 3.95 5.86 7.77 
.71 8% 2.12 3.07 4.04 5.99 7.94 
.72 8% 2.16 3.14 4.13 6.12 8.11 
.73 8%, 2 .21 3.21 4.22 6 .24 8.28 
.74 8% 2.26 3.28 4.31 6.38 8.45 
.75 9 2.31 3.35 4.40 6.51 8.62 
.76 9 % 2.36 3.42 4.49 6.64 8.80 
.77 914 2.41 3.49 4.58 6.77 8.97 
.78 9% 2.46 3.56 4.67 6.90 9.15 
.79 9% 2.51 3.63 4.76 7.04 9.33 
.80 9% 2 .56 3.70 4.85 7.18 9.51 
.81 9%, 2.61 3.77 4.95 7.31 9.69 
.82 ~ 13/16 2.66 3.84 5.04 7.45 9.87 
.83 9 15/16 2.71 3.92 5.14 7.59 10.05 
.84 I 10 1/16 2.77 3.99 5.23 7.73 10.23 
.85 10 3/16 2.82 4.07 5.33 7.87 10.42 
.86 10 51,16 2 .87 4.14 5.43 8.01 I 10.60 
.87 10 /16 2.93 4 .22 5.52 8.15 10.79 
.88 10 9 / 16 2 .98 4.29 5.62 8.30 10.98 
.89 10 11/16 3.04 4 .3,7 5.72 8.44 11.17 
.90 10 13 / 16 3.09 4.45 5.82 8.59 11.36 
.91 10 15 / 16 3.15 4.53 5.92 8.73 I 
11.55 
.92 11 1 / 16 3.20 4.60 6.02 8.8 8 11.74 
.9 3 11 3/16 3.26 4.68 6.13 9 .03 I 
11.94 
.94 11 14 3.32 4.76 6.23 9.17 12.13 
.95 11% 3.37 4 .84 6. 3 3 9.32 I 
12.33 
.96 11 % 3.4 3 4 .92 6.44 9.4 8 12 .53 
.97 I 11 % 3.49 5.00 6. 5 5 9.62 I 12.72 
.98 
I 
11 %, 3 .55 5 .09 6.64 9 .78 I 12.92 
.99 11 % 3.61 5 .17 6.75 9.93 13.12 
1.00 12 3.67 5.25 6. 8 6 10.08 13.32 
1.01 I 12 % --- ---- --- --- --- 5.33 6.96 10.24 13.53 
1.02 I 12 14 ----- -- ---- --- -- 5.42 7.07 10.40 13.73 
1.03 12% 
----------------
5.50 7.18 10.55 13.94 
1.04 12% . ----- ----------- 5.59 7.29 ·10.71 I 14 .15 
1.05 12% --- -- ----- _ .. "'-- - 5.67 7.40 10.87 I 14 .35 
1.06 12 %, --_ ..... __ .... -............... 5.76 7.51 11.03 14.56 
1.07 12 13/16 ... ... ------------- - 5.84 7.62 11.18 14.76 
1.08 12 15~16 .. . ..... ... ----------- 5.93 7.73 11.35 14.98 
1.0 9 13 1/ 6 ._-------------- 6.02 7.84 11.51 15.19 
1.10 13 3/16 ---_ .... _--------- 6.11 7.96 11.68 15.41 
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Table IV.-(Concluded)-Discharge tables for Cipolletti Weirs. 
Head 
in 
Feet 
H ead in 
Inches 
r Discharge in cubic feet p er se cond 
I I ---:1..----.f,-oo~t~I----:;-1.-.;5--;;-f e-e"";-t ---.----~2;;:--;;f;-ee---:t-----.-----,3~f;-e e---:t---,------:-4 ----:f=-e-et-for cr ests of various lengths 
i:i~ i~ ~~i~ I :::::::::::::::: t~~ ~:~~ i~:~~ i~:~! 
W f! !m! I ;;\;;/// HI Hi fn~ iH~ 
1.18 14 3/16 ____ ______ ______ 6.83 8.88 13.01 17.15 
1.19 14 ~ ________________ 6.93 9.10 13.18 17.37 
1.20 14% _________ __ __ __ _ 7.02 9.12 13.35 17.59 
1.21 14lh ____ ____ ________ 7.11 9.24 13 .52 17.81 
1.22 14% ______ __________ 7.20 9.36 13.69 18.03 
1.23 14%, _____ ____ __ _____ 7.30 9.48 13.87 18.27 
1.24 14 % ________________ 7.40 9.60 14.04 18.49 
1.25 15 ___ _____ _______ _ 7.49 9.72 14.21 18.71 
1.26 15lh ____________ ____ -- ------------ -- ---------------- 14.39 18 .95 
1.27 15 ~ __________________________ ______ ---_____________ 14.56 19.17 
1.28 15 % ________________________________ ---------------- 14.74 19.41 
1.29 15lh __________ ___ ._ . .. ______ ____ ________ __________ ._ 14.92 19.65 
1.30 15 % _____ . __ . __________________________ .____________ 15.11 19.88 
1.31 15 %, __________________________________ _____ • __ •• __ •• 15.29 20.12 
H! U mi~ ::::::::::_:-:::1
1 
:::::::::---:"-1 :::::::::::::::: ~ni ~ni 
U~ ~~ ~j~~ I:::::::::: :::::::: ::: :::::::::::::::1 ~g~ ~U! 
m n 9~)tiu I\ _ ~~~~- _"~j ~-:-:~~~~~ -~~) ~:: -~~~~~~~~::~~ I gog HJr 
1.42 17 1/16 _____________ ___ _____ ____ __ ____ _ ___ __ ____ ____ ___ 17.31 22.75 
1.43 17 3/16 ___ ____________ _ ______ ___ _______ __ ___ _____ ______ 17.51 23.01 
1.44 1 7 ~ _____ ___ _________________ _______ . ___ .________ .___ 17.70 23.26 
1.45 17 % ______ __ _____ ____ _______ ___ _____ ---- ----________ 17.89 23.50 
1.46 17lh ________________ __________ ______ _____ ___________ 18.08 23.7'5 
1.47 17 % ___ __ .___ _______ ---------------- ---------------- 18.28 24.01 
J::! I __ ~_i_~_: __ .-.;.._~~:_-~~_~ ~_~~....,~ ~ ~_~~_~~.:....I :_~~_~ _~~_~ ~~_~~_~~_~~~~_~~_~~_~~~_~~_~~_~~~~~ ~~_t_i_i _ __:.__~_:_:_~ _! _ 
Ninety-Degree (90 °) Triangular-Notch Weirs.-The triangu-
, lar notch weir is especially adapted to 
the measurement of small quantities of 
water, varying from a very small frac-
tion of a second-foot to 2 or 3 second-
feet. 
Cone has demonstrated that very 
small crest lengths in the rectangular 
Fig. 6.-Tringular notch and trapezoidal weir, e. g. 1L2 foot, do 
weir. 7~ 
not follow the laws of discharge for 
lengths of 1 foot and above. Therefore for the measurement of 
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l "';,,:r ~ T I ~ ; I , ' , - - - -, .'-~ - : -~-, ' 
streams of 1h of 1 c. f. s. or less, which are too 'small for the l~foot 
rectangular weir, the triangular-notch weir is especially valuable. 
The 90-degree weir should be so placed that each side will make 
an angle of 45 degrees or half pitch with the vertical. 
Discharges for the triangular weir under depths varying from 
2 to 15 inches are presented in Table V, which 'shows, for exam-
ple, that if the depth of water over the vertex, or lowest point 
in the notch, is 9 inches the discharge would be 1.22 second feet. 
Table V·-Discharge table for 90° triangular notch. * 
----~------------~----~----~------------~----~--------~' ---
0. 20 1 
.
21 1 
.22 1 
.23 
.24 
.25 
.26 
.27 
.28 
.29 
.30 
.31 
.32 
.33 
.34 
.35 
.36 
.37 
.38 
.39 
.40 
.41 1 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.49 
.50 
.51 
.52 
.63 
.64 
I 
2 3/8 
2 1/2 
2 5/8 
2 3/4 
2 7/8 
3 
3 1/8 
3 1/4 
3 3/8 
3 1/2 
3 5/8 
3 3/4 
3 13/16 
3 15/16 
4 1/16 
4 3/16 
4 5/16 
4 7/16 
4 9/16 
4 11/16 
4 13/16 
4 15/16 
5 1/16 
5 3/16 
5 1/4 
5 3/8 
5 1/2 
5 5/8 
5 3/4 
5 7/8 
6 
6 1/8 
6 1/4 
6 3/8 
6 1/2" 
0.046 
.052 
.058 
.065 
.072 
.OSO 
.088 I 
.096 
.106 
.115 
.125 
.136 
.147 
.159 
.171 
.184 
.197 
.211 
.226 
.240 
.256 
.272 I 
.289 
.306 
.324 
.343 
.362 
.382 
.403 
.424 
.445 
.468 
.491 
.515 
.539 
0.55 
.56 
.57 
.58 
.59 
.60 
.61 
.62 
.63 
.64 
.65 
.66 
.67 
.68 
.69 
.70 ' 
.71 
.72 
.73 
.74 
.75 
.76 
.77 
.78 
.79 
.80 
.81 
.82 
.83 
.84 
.85 
.86 
.87 
.88 
.89 
6 5/8 
6 3/4 
6 13/16 
6 1.5/16 
7 1/16 
7 3/16 
7 5/16 
7 7/16 
7 9/16 
7 11/16 
7 13/16 
7 15/16 
8 1/16 
8 3/16 
8 1/4 
8 3/8 
8 1/2 
8 5/8 
8 3/4 
8 7/8 
9 
9 1/8 
9 1/4 
9 3/8 
9 1/2 
9 5/8 
9 3/4 
9 13/16 
9 15/16 
10 1/16 
10 3/16 
10 5/16 
10 7/16 
10 9/16 
10 11/16 
0.564 
.590 
.617 
.644 
.672 
, .700 
.730 
.760 
.790 
.822 
.854 
.887 
.921 
.955 
.991 
1.03 
1.06 
1.10 
1.14 
1.18 
1.22 
1.26 
1.30 
1.34 
1.39 
1.43 
1.48 
1.52 
1.57 
1.61 
1.66 \ 
1. 71 
1.76
1
1 
1.81 
1.86 
*Computed from the formula Q=2.49 H2.48. 
0.90 
.91 
.92 
.93 
.94 
.95 
.96 
.97 
.98 
.99 
1.00 
1.01 
1.02 
1.03 
1.04 
1.05 
1.06 
1.07 
1.08 
1.09 
1.10 
1.11 
1.12 
1.13 
1.14 
1.15 
1.16 
1.17 
1.18 
1.19 
1.20 
1.21 
1.22 
1.23 
1.24 
1.25 
10 13/16 
10 15/16 
11 1/16 
11 3/16 
11 1/4 
11 3/8 
11 1/2 
11 5/8 
11 3/4 
11 7/8 
12 
12 1/8 
12 1/4 
12 3/8 
12 1/2 
12 5/8 
12 3/4 
12 13/16 
12 15/16 
13 1/16 
13 3/16 
13 5/16 
13 7/16 
13 9/16 
13 11/16 
13 13/16 
13 15/16 
14 1/16 
14 3/16 
14 1/4 
14 3/8 
14 1/2 
14 5/8 
14 3/4 
14 7/8 
15 
1.92 
1.97 
2.02 
2.08 
2.13 
2.19 
2.26 
2.31 
2.37 
2.43 
2.49 
2.55 
2.61 
2.68 
2.74 
2.81 
2.87 
2.94 
3.01 
3.08 
3.15 
3.22 
3.30 
3.37 
3.44 
3.52 
3.59 
3.67 
3.75 
3.83 
3.91 
3.99 
4.07 
4.16 
4.24 
1 4.33 
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Portable Weirs.-It is frequently desirable to make occasion-
al measurements of small streams at points where the cost of the 
installation of permanent weirs would not be warranted. For 
example, the occasional measurement of sur~ace run-off from 
various fields, though desirable, would hardly warrant the instal-
lation of a permanent weir. In cases of this kind, a small steel 
plate cut like a half circle and having a weir notch as illustrated 
in Fig. 7, serves well. The notch may be cut as a rectangle, 
trapezoid; or triangle, depending on the type of weir desired. 
" jl l , 
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" I" J"I 
I" 
.;" 
II;' :: 'I:: :: 5 ' O"---4.J---+t'-----t-+-......,...--\-~~------.I 
I I .' .' I I 
lip " I" 11'1 )" .,', 
I, ll I I 
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, ' 
, ' 
© 
I I ~ 
:i L ___ L ______ J 
~~;- - - -- - - ~ - \t:=====1J I ' - ~ 
Partaole -Steel 
Weir 
Fig. 7.- Portable steel weir. 
Portable weirs are easily installed in ditches having sandy 
loam, loam, or clay loam bottoms and sides. Usually, in soils of 
these types, it is possible to drive the weir plate into the soil with 
a heavy hammer or an ax. It is necessary to use a carpenter's 
level to avoid getting one end of the weir crest higher than the 
other. In case the soil is very hard or gravelly, a pick-and shovel 
must be used to install the weir. The depth of water flowing over 
the weir crest, or head, is measured by placing the end of a rule 
on a lug made for this purpose as indicated in Fig. 7. 
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WEms WITHOUT END CONTRAC',rIONS* 
A standard rectangular weir without end contractions con-
sists of a wall having a sharp crest built across a rectangular 
channel, high enough to 
cause a complete deflection 
of water filaments as the 
stream passes over the 
weir. The conditions for 
accuracy are the same as 
for the standard rectangu-
lar weir with contractions, 
except for those relating to 
side contractions. This type 
of weir can be used only in 
channels having a uniform 
rectangular closs-section. 
E N D ELEV Air holes must be made 
Fig. 8.-Rectangular weir without end th h th . b . t 
contractions. roug e weIr ox JUS 
below the weir crest so as fully to admit air under the sheet of 
over-falling water. 
Fig. 9.-The Lyman rectangular weir without end contractions. 
• A weir without end contractions is one in which the length of weir 
crest and width of channel are equal; and therefore the water filaments 
are not deflected on the-ends of the weir. 
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Approximate discharges over the standard weir without end 
contractions may be obtained by the use of Table IV. More ac-
curate measurements m~y be made with this type of weir by 
using Table VI, which has been prepared from a more extensive 
. table based on experimental work done by Dr. Richard R. 
Lyman.* 
Table VI.-Discharge tables for one foot of length of Lyman's 
rectangular weir. 
Head 
in 
Inches 
2% 
2lh 
2% 
2%, 
2% 
3 
3th 
3 14 
3% 
3lh 
3% 
3 11/16 
3 13/16 
3 15/16 
4 1/16 
4 3/16 
4 5/16 
4 7/16 
4 9/16 
4 1 /16 
4 13/16 
4 15/16 
5 1 / 16 
5 1h 
~P4 
5% 
5 1h 
5% 
5 7/8 
6 
6 1h 
6 % 
6% 
6 1h 
6 9/16 
6 11/16 
6 13/16 
6 15/16 
7 1/16 
7 3/16 
7 5/16 
7 7/16 
I 
I I I I I I I Head Weir Weir Weir Weir Weir I Weir I in 0.5 ft. 0 .75 ft 1. 0 0 ft. 1. 50ft. 200 ft. I 3.00 ft. Feet high high high high high I high 
0.20 
I 
0.32 0.31 0.31 0.&1 0.31 0.31 
0.21 0.34 0.34 0.34 0.34 0.33 0.33 
0.22 0.37 0.36 0.36 0.36 0.36 0.36 
0.23 0.39 0.39 0 .39 0.38 0.38 0.38 
0.24 0.42 0.42 0.41 0.41 0041 0.41 
0.25 0.45 0.44 0.44 0.44 0.43 0.43 
0 .26 
I 
0.48 0.47 0.47 0.48 0.46 0.46 
0.27 0.50 0.50 0.40 0.49 0.49 0.48 
0.28 0.53 0.52 0.52 0.51 0.51 0.51 
0.29 I 0.56 0.55 0.55 0.54 0.54 0.54 
0.30 0.60 0.58 0 .58 0.57 0.57 0.56 
0 .31 0 .63 0.61 0.61 0.60 0.60 0.59 
0.32 0.66 0.65 0.64 0.63 0 .63 0.62 
0.33 0.69 0.67 0.67 0.66 0.65 0.65 
0 .34 0.72 0.71 0.70 0.69 0.68 0.68 
0.35 0.76 0.74 0.73 0.72 0.71 0.71 
0.36 0.79 0.77 0.76 0.75 0.75 0.74 
0.37 0.82 0.80 0.79 0.78 0.78 0.77 
0.38 0.86 0.84 0.83 0.71 0.81 0.80 
0.39 0.90 0.87 0.86 0.85 0.84 0.83 
0.40 0.93 0.91 0.89 0.88 0 .87 0.86 
0.41 0.97 0.94 0.93 0.91 0.90 0.90 
0.42 1.01 0 .98 0.96 0.94 0.94 0.92 
0.43 1.05 1.01 1.00 0.98 0.97 0.96 
0.44 1.08 1.05 1.03 1.01 1.00 0.99 
0.45 1.12 1.08 
I 
1.06 1.04 1.03 1.02 
0.46 1.16 1.1 3 1.11 1.09 1.07 1.06 
0.47 1.21 1.16 1.14 1.12 1.11 1.10 
0.48 I 1.25 I 1.21 I 1.19 I 1.16 I 1.15 I 1.13 
0.49 1.29 1.2 5 I 1.22 1.20 1.18 1.17 
0.50 1.34 1.29 1.26 1.24 1.22 1.20 
0.51 1.37 1.32 1.30 1.27 1.26 1.24 
0 .52 1.42 1.36 1. 34 1. 31 1.29 1.27 
0.53 1.47 1.41 1.38 1.35 1.33 
I 1.31 0.54 1.51 1.44 1.42 1.39 1.37 1.35 
0.55 1.56 1.49 1.46 1.43 1.41 1.39 
0.56 1.60 1.53 1.50 1.46 1.44 1.42 
0.5 7 1.64 1.57 1.54 1.50 1.48 1.46 
0.58 1.69 1.61 1.58 1.54 1.52 1.50 
0.59 1.74 1.67 1.63 1.59 1.57 1.55 
0 .60 1.79 1.70 1.68 1.63 1.61 1.58 
0.61 1.83 1. 75 1. 72 1.68 1.65 1.63 . 
0.62 1.88 1.80 1.76 1.71 1.69 1.67 
*Lyman, Richard R. "Measurement of Flowing Streams," Utah En-
gineering Experiment Station Bul. 5, pp. 4, (1912). 
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Table VI.-{Continued}-Discharge tables for one foot of length 
of Lyman's r'ectangular weir • 
Head 
in 
Inches 
7 9/16 
7 11/16 
7 13/16 
7 15 / 16 
8 1/16 
8 1/8 
8 .1/4 
8 3/8 
8 1/2 
8 5-/8 
8 3/4 
8 7/8 
9 
9 1/8 
9 1/4 
9 3/8 
9 1/2 
9 9/16 
9 11/16 
9 13/16 
9 15/16 
10 1/16 
10 3/16 
10 5/16 
10 7/16 
10 9/16 
10 11/16 
10 13/16 
10 15/16 
11 1/16 
11 1/8 
11 1/4 
11 3/8 
11 1/2 
11 5/8 
11 3/4 
11 7/8 
12 
. / Head / Weir / Weir / Weir I Weir I W eir I Weir in 0.5 ft. 0.75 ft 1.00 ft. 1.50 ft 200 ft. 3.00 ft. 
Feet high high high high high high 
0.63 1.93 1.85 1.81 1.76 1. 73 1.71 
0.64 1.98 1.90 1.86 1.82 1.79 1.76 
0.65 2.04 1.93 1.89 1.84 1.81 1.78 
0.66 2.09 1.99 1.95 1.89 1.87 1.83 
0.67 2.14 2.03 1.98 1.93 1.90 1.87 
0.68 2.19 2.08 2.03 1.98 1.95 1.91 
0.69 2.24 2.13 2.08 2.03 1.99 1.96 
0.70 2.30 2.18 2.13 2.07 2.03 2.00 
0.71 2.35 2.22 2.17 2.12 2.09 2.04 
0.72 2.41 2.28 2.22 2.16 2.13 2.09 
0.73 2.47 2.33 2.27 2.20 2.18 2.14 
0.74 ·2.52 2.38 2.32 2.25 2.21 2.17 
0.75 2.59 2.43 2.38 2.30 2.26 2.23 
0.76 . 2.64 2.48 2.42 2.34 2.30 2.27 
0.77 2.70 2.54 2.47 2.40 2.35 2.30 
0.78 2.76 2.59 · 2.52 2.44 2.40 2.35 
0.79 2.82 2.63 2.57 2.48 2.43 2.38 
0.80 2.89 2.70 2.63 2.55 2.50 2.44 
0.81 2.94 2.76 2.68 2.60 2.55 2.49 
0.82 3.01 2.81 2.74 2.64 2.59 2.53 
0.83 3.07 2.87 2.79 2.70 2.64 2.58 
0.84 3.13 2.93 2.84 2.76 2.70 2.63 
0.85 3.19 2.99 2.91 2.80 2.75 2.68 
0.86 3.26 3.04 2.96 2.86 2.80 2.74 
0.87 3.32 3.10 3.01 2.91 2.84 2.78 
0.88 3.40 3.16 3.07 2.97 . 2.90 2.92 
0.89 3.45 3.20 3.12 3.01 2.94 2.86 
0.90 3.52 3.27 3.18 3.07 3.00 2.92 
0.91 3.58 3.33 3.24 3.12 3.06 2.97 
0.92 3.66 3.39 3.29 3.18 3.11 3.03 
0.93 3.72 3.45 3.35 3.23 3.16 3.08 
0.94 3.80 3.51 3.41 3.29 3.21 3.13 
0.95 3.87 3.58 3.47 3.35 3.26 3.18 
0.96 3.94 2.64 3.54 3.40 3.33 3.24 
0.97 4.01 3.70 3.59 3.45 3.37 3.28 
0.98 4.08 3.77 3.65 3.52 3.43 3.33 
0.99 4.15 3.83 3.71 3.58 3.48 3.38 
1.00 4.23 3.90 3.78 3.64 3.56 3.44 
It will be noted that the discharges in Table VI are given for 
one foot length of weir. The total discharge is therefore obtained 
by multiplying the discharge as read by the length of the weir 
in feet. For example, the discharge over a weir one foot high 
under a head of 6 inches is 1.26 second feet. If, therefore, the 
weir crest is 4 feet long the total discharge would be 4x1.26 or 
5.04 second-feet. 
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Table VII contains suggestive dimensions of weirs without 
end contractions to be used for the measurement of various 
amounts of water. In order easily to understand the contents of " 
Table VII, reference should be made to Fig. 9,* in which the 
meanings of the letters "H", "h", "L" and "e" are indicated. 
Table VII.-Suggestive dimensions of weirs to be used for meas-
uring various quantities of flowing water. 
See Fig. 9 for further information concerning the meaning of letters 
h, L, H, and C. 
h L I C Smallest Largest Dist. Length H 
Quantity Quantity from of Crest Height Length 
to be to be Crest and of of 
Measured Measured to top of Width Weir Channel 
cu. ft. per sec. cu. ft per sec. Wall of Chan'l feet feet 
feet feet 
0.05 0.25 0.5 0.2 0.50 
I 
2 
0.15 0.60 0.5 0.5 0.50 4 
0.30 1.30 0.5 1.0 0.50 6 
0.45 1.90 0.5 1.5 0.75 8 
0.60 3.2 0.5 2.0 0.75 10 
0.75 3.2 0.5 2.5 " 0.75 10 
1.0 3.7 0.5 3.0 1.0 10 
1.5 11.0 1.0 3.5 1.0 12 
2.0 15.0 1.0 4.0 1.0 12 
2.5 18.0 1.0 5.0 1.5 12 
3.0 21.0 1.0 6.0 1.5 14 
3.5 25.0 1.0 7.0 1.5 14 
4.0 28.0 1.0 8.0 2.0 14 
4.5 32.0 1.0 9.0 2.0 16 
5.0 65 1.5 10.0 2.0 16 
6.0 71 1.5 11.0 2.0 16 
7.0 78 1.5 12.0 2.0 16 
8.0 84 1.5 13.0 2.0 16 
9.0 91 1.5 14.0 3.0 18 
"10.0 97 1.5 15.0 3.0 18 
" 11.0 104 1.5 16.0 3.0 18 
11.0 104 . 1.5 16.0 3.0 18 
12.0 170 
I 
2.0 17.0 3.0 18 
13.0 180 3.0 18.0 . 3.0 18 
14.0 200 2.0 20.0 3.0 20 
SUBMERGED ORIFICES 
Submerged orifices as used in the measurement of irrigation 
water may be divided into two general types. A description of 
the type of orifices most commonly used-that with fixed dimen-
sions-is accompanied by a table from which discharges' through 
the orifice may be determined. The second type of orifice-that 
*Lyman, Richard R. "Measurement of Flowing Streams," Utah En-
gineering Experiment Station Bul. 5, pp. 4, (1912). 
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in which the height pf opening may be varied-is given brief 
mention. 
Definition.-A submerged rectangular orifice having four 
sides whieh are covered with thin edged plates, and which are so 
far removed from the top, the sides, and the bottom of the water 
channel, as to cause complete deflection of the water filaments as 
they pass through the orifice, is classed as standard submerged 
orifice. The sides of the orifice may be made of properly sharp-
ened planks but it is best to use a thin metal plate. 
Conditions for Accuracy.-The U. S. Reclamation Service* 
has outlined the following conditions as necessary for obtaining 
accurate measurements: 
"(a) The upstream edges of the orifice should be sharp and 
smooth and the distance of each from the bounding, surfaces 
of the channel both on the upstream and on the downstream 
side should preferably be not less than twice the least dimen-
sion of the orifice. 
" (b) The upstream face of the orifice wall should be ver- t 
tical. 
"(c) The top and bottom edges should be level from end to 
end. 
" (d) The sides ShOl~ld be truly vertical. 
H(e) The head on the orifice that should be measured is the 
actual difference in elevation between the water surface on the 
upstream side of the orifice and the water surface on the 
downstream side ther~of. 
"(f) The cross-sectional area of the water prism for 20 to 
30 feet from the orifice, on the upstream and on the down-
stream side thereof, should be at least. six times the cross-
sectional area of the orifice." 
Advantages and Disadvantages.-The greatest advantage in 
the use of submerged orifices is found in relatively level sections 
where it is difficult to obtain fall enough for weir measurements. 
They have in addition to the above, the advantages already 
enumerated for weirs. 
The more important disadvantages are (1) occasional collect-
ing of floating debris, and (2) collecting of sand and sediment 
above the orifice thus preventing accurate measurement. 
Standard Dirnensions.-As in the use of weirs, the ditch or 
cartal immediately above the orifice must be wider and deeper 
than the average section of canal, in order to c~use the water to' · 
approach the orifice very slowly. 
*See pamphlet on "Measurement of Irrigation Water" published by the 
U. S. Reclamation Service, pp. 14, (1913). 
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Determination of Discharge.-Discharges for submerged ori-
fices are given in Table VIII. The table can be used directly only 
in connection with an orifice having one of the eight cross-sec-
tional areas given, i. e. 0.25, 0.50, 0.75 of a square foot, and so on 
up to 2.00 square feet. For convenience in making measure-
ments, an orifice should be so designed that its cross-sectional 
Fig. to.-Submerged orifice used by U. S. Reclamation Service. 
area will be equal to one of those given in Table VIII. Discharges 
through orifices having cross-sectional areas other than those 
~iven in the table may be computed by proportion, or by use of 
the formula at the bottom of the table. It will be noted, for 
example, that under a head of 3 inches, the discharge through an 
orifice having a cross-sectional area of 0.50 square-foot is 1.22 
c. f. s. or twice the discharge through a 0.25-square-foot orifice 
under the same head. 
The depth of water or head may be measured by means of 
carpenters' rules or by specially . constructed scales like those al-
ready suggested for weirs. One scale should be placed on the 
upstream side of the orifice and one on the downstream side with 
the zero end of each scale a"f the"saIrte']eveFnear' the ' top 'of-- the 
structure. 
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Table VIII.-Discharge tables for submerged rectangular 
orifices·* 
Head "H" I I Cross sectional area A of orifice, square feet 
Inches I Feet I 0.25 I 0.50 I 0.75 I 1.00 I 1.25 I -1.50 I 1.75 I 2.00 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
1/8 0.01 0.12 0.25 0 .37 0.49 0.61 0.73 0.86 0.98 
1/4 .02 .17 .35 .52 .69 .86 1.04 1.21 1.38 
3/8 .03 .21 .42 .64 .85 1.06 1.27 1.48 1.69 
1/2 .04 .25 .49 .73 .98 1.22 1.47 1.71 1.96 
5/8 .50 .27 .55 .82 1.09 1.37 1.64 1.91 2.19 
3/4 .06 .30 .60 .9'0 1.20 1.50 1.80 2.10 2.40 
7/8 .07 .32 .65 .97 1.29 1.62 1.94 2.27 2.59 
15/16 .08 .35 .69 1.04 1.38 1.73 2.07 2.42 2.77 
1/16 .09 .37 .73 1.10 1.47 1.84 2.20 2.64 2.94 
3/16 .10 .39 .77 1.16 1.56 . 1.93 2.32 2.71 3.09 
5/16 .11 .41 .81 1.22 1.62 2.03 2.43 2.84 3.24 
7/16 .12 .42 .85 1.27 1.69 2.12 2.54 2.97 3.39 
9/16 .13 .44 .88 1.32 1.76 · 2.21 2 .65 3.09 3.53 
11/16 .14 .46 .92 1.37 1.83 2.29 2.75 3.20 3.66 
13/16 
I 
.15 .47 .95 1.42 1.90 2.37 2.84 3.32 3 .79 
15/16 .16 .49 .98 1.47 1.96 2.45 2.93 3.42 3.91 
1/16 .17 .50 1.01 1.51 2.02 2.52 3.02 3.53 4.03 
3/16 .18 .52 1.04 1 .. 56 2.08 2.59 3.11 3.63 4.15 
1/4 .19 .53 I 1.07 1.60 2.13 2.67 3.20 3.73 4.26 
3/8 .20 .55 
I 
1.09 1.64 2.19 2.74 3.28 3.83 4.36 
1/2 .21 .56 1.12 1.68 2.24 2 .80 3.36 3.92 4.48 
5/8 .22 .57 1.15 1.72 2.30 2.87 3.46 4.02 4 .59 
3/4 .23 .59 1.17 1.76 2.35 2 .93 3.52 4.10 4 .69 
7/8 .24 .60 1.20 1.80 2.40 3.00 3.60 4.19 4.79 
.25 .61 1.22 1.83 2.45 3.06 3.67 4 .28 4.89 
1/8 .26 .62 1.25 1.87 2.49 3.12 3.74 4.37 4 .99 
1/4 .27 .64 1.27 1.91 2.54 3.18 3.81 4.45 5.08 
3/8 .28 .65 1.29 1.94 2.59 3.24 3.88 4.53 5.18 
1 / 2 .29 .66 1'.3 2 1.98 2.64 3.30 3.96 4.62 5.28 
5/8 .30 .67 1.34 2 .01 2.68 3.35 4. 0 2 4.6 9 5.36 
11/1 6 .31 .68 1.36 2.05 2 .73 3.41 4. 0 9 4.7 7 5.45 
13/16 .32 .69 1.38 2. 07 2.76 3.46 4 .15 4.8 4 5.53 
15/16 .33 .7 0 1.41 2.11 2.81 3.51 4.2 2 4.92 5.62 
1/16 .34 .71 1.43 2.14 2.85 3 .57 4.28 4 .99 5.70 
3/16 .35 .7 2 1.45 2 .17 2.89 3.62 4.34 5.0 6 5.78 
5/16 .36 .73 1.47 2.20 2 .93 3.67 4.4 0 5.14 5.87 
7/16 .37 .75 1.49 2.23 2.98 3.72 4.46 5 .21 5.95 
9/16 .38 .75 1.51 2 .26 3.02 3.77 .. 4.52 5.28 6.03 
11 / 1 6 .39 .76 1.53 2.29 3.05 3.82 4 .58 5.35 6.11 
13/ 16 .4 0 .77 1.55 2.32 3.09 3.87 4.64 5. 42 6.19 
15/1 6 .41 .78 1.57 2.35 3.12 3.92 4.70 5.48 6. 27 
1 / 1 6' .42 .79 1.59 2.38 3.17 3.96 4.75 5.55 6.34 
1/8 .43 .80 1.60 2.41 3.21 4. 01 4.81 5. 61 6.42. 
1/4 .44 .81 1.62 2.43 3.24 4. 0 6 4.87 5.68 6.49 
3/8 .45 .82 1.64 2.4 6 3.28 4.1 0 4. 9 2 5.74 6.5 6 
1/2 .4 6 .83 1.66 2.49 3.32 4 .15 4.9 8 5.81 6.64 
5/8 .47 .84 1.68 2 .52 3.36 4.20 5 .04 5.87 6.71 
3/4 .48 .85 1.7 0 2.54 3.39 4.24 5.08 5.93 6.78 
7/8 .49 .86 1.71 2 .57 3.42 4.28 5.14 5.99 6.85 
.5 0 .87 1.73 2.59 3.46 4.32 5.19 6.05 6.92 
1/8 ' I .51 .87 1.75 2. 62 3.49 I 4.37 5.24 6.11 6.9 9 
·Computed from the Formula Q=0.61 A V2g Vi=! 
Taken from "Measurement of Irrigation Water" Tables of U. S. 
Reclamation Service, with slight modifications. 
MEASUREMENT OF IRRIGATION WATER 25 
Table VIII.-(Continued)-Discharge tables for submerged 
rectangular orifices. 
Head "H" I Cross sectional a rea A of orifice, squa re feet 
Inches I Feet I 0.52 I 0.50 I 0.75 I 1.00 I 1.25 I 1.50 I 1.75 I 2.00 
6 1/4 .52 .88 I 1.76 2.65 3.53 I 4.41 I 
5.29 6.17 7.05 
6 3/8 .53 .89 1.78 2.67 3.56 4.45 5.34 6.23 7.12 
6 1/2 .54 .90 1.80 2.70 3.59 4.49 5.39 6.29 7.19 
6 9/16 .55 .91 1-.81 2.72 3.63 4.53 5.44 6.35 7.25 
6 11/16 .56 .92 1.83 2.75 3.66 4.58 5.49 6.41 7.32 
6 13/16 .57 .92 1. 85 2 .77 3.69 , 4.62 5.54 ~.46 7.38 
6 15/16 .58 .93 1.86 2.79 3.73 4.66 5.89 6.52 ' 7.45 
7 1/16 .59 .94 1.88 2.82 3.76 4.70 5.64 ' 6.58 7.51 
7 3/16 .60 .95 1.90 2.84 3.79 4.74 5.68 6.63 7.58 
7 5/16 .61 .96 1.91 2 .87 3.82 4 .78 5.73 6.69 7.64 
7 7/16 .62 .96 1.93 2.89 3.85 4.81 5 .76 6.74 7.70 
7 9/16 .63 .97 1.94 2 .91 3. 88 4.85 5.82 6.79 7.76 
7 11/16 .64 .98 1.96 2.93 3.91 4 .89 5.87 6.85 7.82 
7 13/16 .65 .99 1.97 2.96 3.94 4.93 5.92 6.90 7.89 
7 15/16 .66 .99 1.99 2 .98 3.97 4.97 5.96 6.95 7.95 
8 1/16 .67 -1.00 2.00 3.00 4.00 5.01 6.01 7.01 8.01 
8 1/8 .68 1.01 2.02 3.02 4.03 5.04 6.05 7.06 8.06 
8 1/4 .69 1.02 2 .03 3.05 4.06 5.08 6.10 7.11 8.13 
8 3/8 .70 1.02 2.05 3.07 4.09 5.12 6.14 7.16 8.18 
8 1/2 .71 1.03 2.06 3.09 4.12 5.16 6.19 7 .22 8.25 
8 5/8 .72 1.04 2.08 3.11 4.15 5.19 6.23 7.27 8.30 
8 3/4 .73 1.05 2.09 3.14 4.18 5.23 6.27 7.32 8.36 
8 7/8 .74 1.05 2.10 3.16 4.21 5 .26 6.31 7.37 8.42 
9 .75- 1.06 2.12 3.18 4.24 5.30 6.36 7.41 8.48 
9 1/8 .76 1.07 2.13 3.20 4.26 5.33 6.40 7.46 8.53 
9 1/4 .77 1.07 2.15 3.22 4.29 5 .36 6.43 7.51 8.58 
9 3/8 .78 1.08 2.16 3.24 4.32 5.40 6.48 7 .56 8.64 
9 1/2 .79 1.09 2 .17 I 
3.26 4.35 5.44 6.52 7 .61 8.70 
9 1/16 .80 1.09 2 .19 3.28 4.38 5.47 6.56 7.66 8.75 
-
Table IX contains dimensions and lumber for standard sizes 
of submerged rectangular orifices adopted by the U. S., ReC ~;lYlla­
tion Service and brought together in Bulletin 247* of the Agl'i· 
cultural Experiment Station, University of California. Table IX 
should be read in connection with Fig. 10, ' a drawing of the 
Reclamation Service orifice, also taken from University of Cali-
fornia Bu!. 247. 
In some irrigated sections the very little fall of the land and 
consequently the small loss of head available for water measure-
ment makes necessary a combination of headgate ,and measuring 
device. Such devices, termed submerged orifice headgates, are 
used by several large irrigation companies in California. Under 
the same head the discharge through a submerged orifice head-
gate is usually greater than that through a standard submerge~ 
• Adams, Frank, Beckett, s. · H . et al. , "Some Measurnig Devices Used 
in the Delivery of Irrigation Water," p. 147 . 
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orifice of equal dimensions. * Furthermore, the discharge 
through the orifice headgate is variable, consequently discharge 
tables having general application cannot be prepared. Though 
not an accurate device, the submerged orifice headgate may under 
the conditions above described be used to advantage. To' use this 
device the farmer should obtain the services of an engineer who 
should calibrate the headgate orifice for the particular conditions 
under which it is to be used. 
Specially designed submerged orifices and headgates combined 
are now made of metal and sold by individuals and by private 
corporations. . 
Table IX.-Dimensions and lumber for standard sizes of 
submerged rectangular orifices adopted by U. S. 
Reclamation Service. 
Size of Orifice Struc-
Approxi-
H ead- Side mate 
wall ture Floor quanti-
Area -" h eight 
height length width ty of Height I L ength in ft. in ft. in in ft. in ft . lumber in ft. in ft. b c d e 
I in ft. f a Sq. ft. ! axf B. M. 
1.00 0.2 5 I 3.0 2.5 4.0 2 .0 150 0.25 2.00 0.50 3.0 2.5 4.0 3.0 170 
3.00 0.75 3.0 2.5 4.0 4.0 185 
1.00 0.50 3.0 2.5 4.0 2.0 150 
I 1.50 0.75 3.0 2.5 4.0 2.5 160 
0.50 2.00 1.00 3.0 2.5 4.0 3.0 170 
2.50 1.25 3.0 2.5 4 .0 3.5 175 
3.00 1.50 3.5 . 2.5 4.0 4.0 210 
1.33 1.00 3.0 2.5 4.0 2.0 150 
1.67 1.25 3.0 2.5 4.0 2.5 160 
0.75 2.00 1.50 3.0 2.5 4.0 3.0 170 
2.33 1.75 3.5 3.0 4.0 3.0 190 
r 2.67 2.00 3.5 3.0 4.0 3.5 200 
*The coefficient "c" in the formula Q= CA Vlg VH for the type of 
submerged orifice headga t es used on several California projects was found 
by Adams et aI, as reporte d. in California Agricultural Experiment Station 
Bul. 247, to var y from 0.73 to over 0.80 as compared to 0.61 in the formu-
la for the standard orifice. 
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THE VENTURI FLUME 
The Venturi flume, recently designed by workers in the U. S. 
Department of Agriculture, with Mr. V. M. Cone in immediate 
charge, is likely to become one of the standard water measuring 
devices of the future. It will be remembered that the two most 
serious disadvantages in the use of the weirs are (1) the collect-· 
ing of sediment above the weir, and (2) the requirement of ap-
preciable fall or drop in the water surface which prohibits their 
use in localities having but very little fall. The first disadvantage 
in the use of weirs also applies to the use of submerged orifices. 
However, both of these disadvantages are overcome by the Ven-
turi flume. Since the loss in "head" upon which the measure-
ment of water flowing through the Venturi flume is very small, 
much care must be used in determining the differences in water 
level to get accurate measurements. It is not within the scope 
of this circular to describe the Venturi flume in detail. * 
MECHANICAL DEVICES FOR WATER MEASUREMENT 
During recent years a number of mechanical devices for water 
measurement have been designed. Most of these devices not only 
measure the rate of flow, but also automatically register the total 
amount of water passing in any given period of time. Canal 
companies that base water charges on the number of acre-feet 
delivered to individual irrigators find self-registering devices 
serviceable and convenient. 
Important among the devices used to date are the following: 
Dethridge meter, Grant-Mitchell meter, Hill meter, Hanna meter, 
Reliance meter, and Lyman water register. The first four men-
tioned are fully described in University of California Agricultural 
Experiment Station Bul. 247, but the others were designed since 
this bulletin was published. The Dethridge meter, designed and 
extensively used in Australia, has been carefully investigated by 
the U. S. Department of Agriculture and the Colorado Agricul-
tural Experiment Station. Bulletin 215 of the Colorado Station 
contains a report of these investigations. 
It is likely that more extended use of mechanical-automatic-
registering devices will be made as water increases in value and· 
as more irrigation companies, in order to stimulate economy 
among their irrigators, find it necessary to base water charges 
on the actual amounts of water delivered. 
*For a complete report of the investigations upon which it is based, 
the reader is referred to an article entitled "The Venturi Flume,'" Journal 
of Agricultural Research, Vol. IX, No.4, (1917) by V. M. Cone. To obtain 
this publication write Irrigation Division, Bureau of Roads, U. S. D. A., 
Berkeley, California. . 
28 CIRCULAR NO. 36 
DIVISION OF WATER 
Most irrigation companies in Utah, and many companies in 
other states, divide their streams according to the number of 
shares of stock owned by individuals or by small groups of men. 
" The trapezoidal weir can 
Fig. l1.-Divider below trapezoida l weir. 
be used as a divider by 
placing a sharp-edged 
partition below the weir 
to divide the stream as 
it falls over the crest. As 
above mentioned the dis-
charge over a trapezoid-
al weir is generally con-
sidered proportional to 
the length of weir crest. 
If, therefore, it is desired 
to divert one-fifth of a 
stream flowing over a 
5-foot weir, the divider 
should be placed one foot from one end, and four feet from the 
other end of the weir as indicated in Fig. 11* 
The sharp edge or crest of the divider should be placed a 
sufficient distance below the weir crest to permit a free circula-
tion of air between the divider and the sheet of water falling over 
the weir. 
If it is desired to divide a stream into only two equal parts, 
the rectangular weir either with or without end contractions is 
entirely satisfactory. Approximately correct division into parts 
other than halves may also be made with rectangular weirs. 
SUMMARY 
1. The economical use of water in IrrIgation depends pri-
marily on its measurement, and the rapidly increasing utilization 
of Utah's available supply renders water measurement a real 
necessity in this State. 
2. The foregoing pages contain descriptions of, and discharge 
tables for, rectangular, trapezoidal, and triangular weirs, the 
rectangular weir without end contractions and the submerged 
orifice. 
3. The gallon, cubic foot, acre-inch and acre-foot are com-
monly-used units for measuring water at rest, and gallons per 
minute, miner's inches, cubic feet per second, and acre-inches per 
hour are commonly-used units for measuring flowing water. 
*Taken from Utah Station Circular No.6, ·by L . M. Winsor. 
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4. One second-foot equals (1) 450 gallons per minute, (2) 
one acre-inch per hour or 2 acre-feet per day of 24 hours, and 
(3) 50 Utah miner's inches. Consequently 3, second-feet flowing. 
10 hours will deliver enough water to cov~r 5 acres, to an average 
depth of 6 inches. 
5. The advantages of weirs for measurement of water are 
accuracy, simplicity and ease of construction, non obstruction of 
floating material, and durability. The disadvantages are the 
requirement of considerable drop of the water surface or loss of 
head and the collecting of sand above the weir. 
6. Suggestive dimensions for each of the weirs described 
and for the submerged orifice are given in tables which should be 
examined in connection with the 'illustrations of the correspond-
ing structures. , 
7.' The measurement of head or depth of water on the weir 
crest should be made by the use of a specially constructed scale, 
but may be made with a carpenter's rule. 
8. In many places where the expense of installation of per-
manent weirs is not warranted, small portable steel weirs can be 
conveniently used with but little expense. 
9. Submerged orifices are especially valuable in relatively 
level sections because they require but little drop in water surface 
or loss of head. They have also the advantages which weirs have 
except that they collect floating material. They have the disad-
vantage of collecting sand. 
10. The Venturi flume requires but little drop in water sur-
face and does not collect floating material or sand. 
11. Mechanical devices which measure rate of water flow, and 
automatically record the total amount of water delivered are 
extensively u'sed in Australia and are likely to increase in number 
here as canal companies base water charges on the number of 
acre-feet of water delivered to irrigators. 
12. For division of water the trapezoidal weir is used by 
placing a divider below the weir crest. 
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